Molecular hydrogen is used exclusively, though, when hydrogenation is catalyzed by znc1 2 • The formation of reaction products and the trends in reactant reactivity are discussed on the basis of carbonium ion mechanisms.
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Recent investigations of coal and coal derived liquids (8) (9) (10) (11) suggest that the aromatic portions of coal consist of single benzene rings and polycondensed structures containing two or three rings. The ratios of two-ring and three-ring structures to one-ring structures has been estimated to be 0.25 and 0.15, respectively (11) . In view of this, benzene, naphthalene, anthracene, and phenanthrene, and derivatives of these compounds, may be considered as models for the aromatic portions of coal, which do not involve heterocycles. -5-Following reaction, the products were weighe~ and the solid and liquid components were separated by filtration.
Quantitative analysis of the liquid products was carried out by gas chromatography, using a 3 mm x 3 m column packed with 5% OV-225 on Chromsorb P. Product identification was established with the aid of a Finnigan 4023 gas chromatograph/ mass spectrometer.
Materials
The following compounds were used as reactants: experiments. This material was spectral quality and was used as received.
Anhydrous A1Cl 3 (Mallinkrodt) was used as received and was stored in a dry box under nitrogen to avoid contact with water vapor. Zinc chloride (Mallinkrodt) was dried in a vacuum oven at ll0°C and was also stored in the dry box until used.
RESULTS
Product distributions and reactant conversions to products obtained following reaction in the presence of znc1 2 are shown in Tables Ia and Ih Under the conditions used for these experiments, the solvent, cyclohexane, does not react, and none of the substrates are converted to tar. The introduction of a nucleophilic substituent enhances the reactivity of naphthalene substantially. As seen in Table Ib the conversion of 1-methylnaphthalene is tenfold greater than that of naphthalene and the conversion of 1-naphthol is over forty times as great. The primary products formed from 1-methylnaphthalene are methyl and dimethyl tetralin. The first of these products results from hydrogenation of the methyl-containing aromatic ring. The second product is formed by disproportionation of methylnaphthalene to form dimethylnaphthalene, followed by hydrogenation of the dimethylated ring. This sequence is supported by the observation of naphthalene and alkylnaphthalenes among the reaction products.
Naphthol reacts to form a variety of products, the principal ones being tetralin, tetralone, naphthalene, In the presence of an aromatic reactant the reactions of cyclohexane are suppressed due to the fact that the catalyst interacts more strongly with the reactant than with the solvent.
However. the degree of cyclohexane reaction which still occurs is sufficient to make it impossible to distinguish between the alkylbenzenes resulting from the reactants as opposed to cyclehexane. As a result, the indicated conversions of substrate to alkylbenzenes represent an upper limit. IIIa and IIIb, demonstrate that the effects of gas composition on the extent of 1-naphthol reaction and the distribution of products depend strongly on whether ZnC1 2 or AlC1 3 is used as the catalyst.
In the presence of ZnC1 2 , the conversion of 1- naphthol to liquid products is 4% when the autoclave is pressurized with N 2 as opposed to 25% when using H2. While some tetra lone and naphthalene are formed in the absence of H2, -9-the formation of dihydronaphthalene and tetralin are greatly suppressed.
It is also noted that while no tar is formed in the presence of H 2 , 77% of the 1-naphthol is converted to tar in the absence of H 2 • When AlC1 3 is used as the catalyst, the results presented in Table IIIb show that gas composition has virtually no effect on product composition. Based on these results it is concluded that molecular H 2 provides a major also enhanced by the presence of H 2 o (22, 30) . Since the present work was not carried out under completely anhydrous conditions, it is likely that the active catalyst were species such as Tables   I and II , and only small conversions are observed to decalin, methylindan, indan, alkylbenzenes, and naphthalene. This indicates that reactions 2, and 3 through 8 are rel~tively slow. The relative rates of tetralin hydrogenation and cracking could not be established in the present work.
However, when naphthalene and tetralin are reacted at 425°C (36) , alkylbenzenes are observed as the final products rather than decalin, suggesting that the rates of reactions 4 and 5 are higher than the rate of reaction 3.
The hydrogenation and cracking of naphthalene can be envisioned to proceed via a cationic mechanism.
In the first step of the sequence naphthalene is protonated by the Br~nsted acid form of the catalyst to yield a naphthalenium ion {35,37-41).
This process is illustrated by reaction 1.
It should be noted that the naphthalenium cation very likely remains in association with the (MXnY) anion since the dielectric coefficient of the solvent, cyclohexane, is low.
The ion pair formed in reaction 1 can react with either a hydride source to form dihydronaphthalene,
or with a molecule of naphthalene to form dihydrobinaphthyl via Scholl condensation (42, 43) .
The occurrence of the latter process is undesireable since it initiates a sequence of reactions which ultimately leads to the formation of a highly aromatic tar. The extent to which Scholl condensation takes place depends on the acidity of the catalyst and the basicity of the aromatic nuclei present in solution.
The Br5nsted acid form of a strong Lewis acid such as A1Cl 3 is more acidic than that for a weaker Lewis acid such as ZnC1 2
As a consequence, the concentration of protonated naphthalene is higher in the presence of A1Cl 3 than znc1 2 • It is also expected that the degree of charge separation between the partners of the anion/cation pair formed from naphthanene and the Br5nsted acid form of the catalyst in reaction 1 will be greater when A1Cl 3 is used as the catalyst. Both of these factors are known to enhance the rate at which Scholl condensation occurs (43) .
The hydride ion required to form dihydronaphthalene can come from two sources. The first is hydride transfer from a hydrocarbon species. One source of such ions is the initial product formed during Scholl condensation, dihydrobinaphthyl (27) . The reaction of this product might be envisioned to proceed as follows
The results presented in In the event that hydride abstraction occurs first, then dihydronaphthalene will undergo dehydrogenation to form naphthalene, i.e., the reverse of reactions 6 and 1.
The reactivity of tetralin to hydrogenation is significantly lower than that of naphthalene due to the presence of only a single phenyl ring and, consequently, a lower basicity.
The mechanism of tetralin hydrogenation to decalin, however, is expected to proceed in essentially the same manner as the hydrogenation of naphthalene to tetralin. Failure to observe any dihydrotetralin suggests that once formed this compound is highly reactive and readily adds additional hydrogen to form decalin.
In the discussion of Fig. 1 it was noted that tetralin will isomerize to methylindan and crack to a variety of alkylbenzenes. The mechanism by which these products are formed is undoubtedly complex and may involve a large number of intermediates. A plausible reaction network for the formation of at least some of the observed products is illustrated in Fig. 2 .
This scheme, which is based upon studies of tetralin isomeriza- Table I obtained with Zncl 2 it would be concluded that reaction 3 is faster than reaction 2, since only 1-methyltetralin is observed. However, when A1Cl 3 is used as the catalyst, Table II 
The 5-methyltetralin formed in reaction 11 can produce tetralin as a result of protonation followed by transfer of a methyl carbonium ion to another aromatic center. This sequence is exemplified by reactions 12 and 13. Since the first of these species will be more stable, its formation is expected to proceed more readily than the formation of the latter species.
In view of these considerations, it is possible that both isomers of methyltetralin undergo cracking at nearly equivalent rates.
Hydrogenation and Cracking of Naphthol and Tetrahydronaphthol it is concluded that reaction 2 is faster than reaction 1.
The hydrogenation of 1-naphthol is assumed to proceed via a mechanism analogous to that proposed earlier for naphthalene and 1-methylnaphthalene. The higher reactivity of 1-naphthol can be ascribed to the strong electron-releasing characteristic of the -OH group (37) . Protonation will occur preferentially at the 4-position and is rapidly followed by hydride acceptance and an enol-keto conversion (47), reactions 14-16. Protonation of the oxygen in 1,2,3,4-tetrahydro-1-naphthol produces a tetralenium ion which can undergo one of three possible reactions: hydride acceptance to form tetra1in; proton elimination to form dihydronaphthalene; or isomerization followed by hydride acceptance to form methy1indan. This portion of the mechanism is summarized by reactions 17 and 18.
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